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© Aircraft aircrew life support apparatus has G- 
protection garment inflation pressure control means 
(70, 74, 85) disposed in a common body (10) with 
breathing demand regulation means (33, 43, 46, 47). 
Inflation pressure output by the garment inflation 
pressure control means is ducted within the body to 
be directly applied as an operating force to valve 
means (58) controlling outflow from a breathing- 
pressure control chamber (47) whereby positive 
pressure breathing obtains in the presence of G- 
load. The garment inflation pressure control means 
comprises a pressure balanced valve (70) adapted to 




be displaced against the bias of a spring (72) in an 
opening direction by a pneumatic actuator (74, 75). 
The pneumatic actuator is controlled by signals from 
an accelerometer (99) sensing G-load for inflation of 
the garment when the aircrew member is subject to 
high G-load (typically in excess of 2G) and by sig- 
nals from a cabin pressure sensor for inflation of the 
garment if the aircrew member is exposed to high 
altitude (typically in excess of 12000 metres). The 
pneumatic actuator is subject to feedback control 
responding to garment inflation pressure. 



FIG.1 
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AIRCRAFT AIRCREW LIFE SUPPORT APPARATUS 



This invention relates to an aircraft aircrew life 
support apparatus and is particularly concerned 
with integrated breathing demand regulator and 
garment inflation pressure control systems. 

The enhanced agility of modern high perfor- 
mance aircraft designs give such aircraft the ability 
to perform very highly accelerative manoeuvres 
both at low altitude and at high altitudes, e.g. in 
excess of 12000 metres (40000 ft). To take advan- 
tage of this agility an aircrew member flying the 
aircraft must be protected against G-induced loss 
of consciousness, known as G-loc, as well as the 
effect of increasing altitude. In this regard, unless 
otherwise specified, references to altitude are to be 
understood as references to the altitude equivalent 
to the pressure within an enclosure or cabin within 
which an aircrew member is situated and which is 
usually pressurised in relation to the external am- 
bient pressure with the consequence that "cabin 
altitude" is related to but usually less than the 
actual altitude of the aircraft. 

The partial pressure of oxygen in air decreases 
with increasing altitude (decreasing total pressure) 
so that the concentration of oxygen in breathing 
gas supplied to the aircraft aircrew member must 
be increased with increasing cabin altitude to main- 
tain the oxygen partial pressure above the mini- 
mum value necessary for it to be able to diffuse 
through the lung tissue and pass to the 
haemoglobin or red corpuscles in the biood. If at 
aircraft operating altitudes above 1 2000 metres 
there is total or partial loss of cabin pressurisation 
or for other reasons the cabin altitude exceeds 
12000 metres, the overall pressure of the breathing 
gas delivered to the aircrew member must be 
increased to a value above cabin ambient pressure 
so that the minimum critical oxygen pressure is 
maintained in the lungs, this being referred to as 
positive pressure breathing (PPB). 

Positive pressure breathing at high altitude is 
aided by exerting pressure around the chest to 
assist the aircrew member in exhaling used gas 
from his lungs against the positive pressure in his 
breathing mask. To meet this requirement the air- 
crew member wears an inflatable counter-pressure 
garment ("jerkin") around his chest and back area 
which is inflated to the same pressure as the 
pressure in the breathing mask during positive 
pressure breathing, conveniently by being connect- 
ed for inflation by breathing gas delivered to the 
breathing mask. 

The effects on an aircrew member of high G- 
load experienced when performing high speed 
turning manoeuvres are well appreciated. The 
problem of G-loc is described in an article entitled 



"G-loc: taming the kilter" by Mr. Mike Gaines which 
appeared at pages 27 to 30 of the 28 March 1987 
edition of "FLIGHT INTERNATIONAL". 

To counter the effects of high G-load the air- 

5 crew member wears an inflatable G-protection trou- 
ser garment ("G-suit") which is inflated from a 
source of high pressure gas, such as engine bleed 
air, in response to signals from one or more ac- 
celerometers located in the aircraft for sensing 

w accelerative forces. When inflated, the trouser gar- 
ment restricts the flow of blood into the lower 
extremeties of the body where it tends to be forced 
under the action of the G-load to which the aircrew 
member is subjected. 

75 It has been found that protection against G-loc 

is further enhanced by providing positive pressure 
breathing during periods when high G-loads are 
being experienced. The increase in breathing pres- 
sure causes an approximately equal increase in 

20 heart level blood pressure thereby increasing the 
flow of blood to the brain. 

At altitudes which demand positive pressure 
breathing it is advantageous to inflate the trouser 
garment to a pressure approximately four times 

25 that of the pressure in the breathing mask even at 
times when aircraft flight maneouvres are not such 
as to give rise to high G-load. This inflation of the 
trouser garment counteracts the tendency for blood 
to be forced into the lower extremities of the body 

30 by the high pressure in the lungs, to reduce the 
circulation of blood from the heart to the brain. 
However, when both altitude and G-load conditions 
give rise to a requirement for positive pressure 
breathing, the trouser garment should be inflated to 

35 the higher one of the pressure requirements for 
protection against the prevailing G-load and expo- 
sure to high altitude. 

It is common practice now to provide oxygen 
enriched air as breathing gas for an aircrew mem- 

40 ber of a high performance aircraft from an on-board 
oxygen generating system (OBOGS) which in- 
cludes molecular sieve beds comprising zeolite 
material suited to the retention of nitrogen whilst 
permitting oxygen to pass through the beds. 

45 A problem with respect to demand valve opera- 

tion in a breathing regulator suitable for accom- 
modating the lower range of breathing gas pres- 
sure available from an OBOGS is overcome by a 
breathing regulator disclosed in EP-A-0 263 677 

so (Normalair-Garrett) which provides positive pres- 
sure breathing when the cabin altitude exceeds 
12000 metres and, also, when high G-loads are 
being experienced. Above 12000 metres cabin al- 
titude, an aneroid valve expands to increasingly 
restrict the flow of gas from a breathing-pressure 
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control chamber so that pressure in this control 
chamber increases thereby increasing the pressure 
of the breathing gas at the regulator outlet to which 
both breathing mask and counter-pressure garment 
or jerkin are connected. 

When the aircrew member is subjected to high 
G-loads, i.e. between 3.5 G and 9G, a further valve 
regulating outflow from the breathing-pressure con- 
trol chamber is signalled pneumatically by an anti- 
G valve to move towards increasingly restricting 
outflow of gas from the breathing-pressure control 
chamber so that pressure in that chamber in- 
creases to provide (increased) positive pressure 
breathing in the event that the cabin altitude is 
below that at which the same degree of positive 
pressure breathing would be provided. The anti-G 
valve is an electro-pneumo-mechanical device that 
controls a supply of inflation air to the G-suit in 
accordance with sensed G-loads and the signal to 
the further valve of the demand regulator is ob- 
tained by tapping the inflation air line from the anti- 
G valve to the G-suit. 

Further disclosures of aircraft aircrew life sup- 
port systems and apparatus which control inflation 
of a G-protection garment worn by the aircrew 
member and regulate delivery of breathing gas in 
accordance with the breathing demands of the air- 
crew member are to be found in US-A-4, 230,097 
(Intertechnique), US-A-4,638,791 (Boeing) and GB- 
A-2,051,417 (Intertechnique), this last disclosing a 
unitary or integrated breathing demand regulator 
and G-suit inflation control valve in which, however, 
the demand regulator and the control valve are 
functionally separate. 

The prior art systems (other than EP-A- 
0,263,677) such as above discussed treat breathing 
gas and jerkin pressure requirements and G-suit 
inflation pressure requirements as separate func- 
tions to be provided by individual sub-systems 
integrated, functionally, only to the extent of shar- 
ing input data (such as anticipated and/or realised 
G-loads) output by a common source. There is 
therefore a need for greater functional integration of 
such sub-systems to provide better control and 
coordination of their respective functions and, es- 
pecially to provide optimised responses to abrupt 
changes in aircraft flight conditions. Additionally 
there is the need, common in aircraft equipment, to 
minimise the weight and space requirements of 
equipment, especially cockpit equipment having 
close proximity to aircrew members. EP-A- 
0,263,677 partly meets the need for functional in- 
tegration but has potential shortcomings in prac- 
tice. 

It is therefore an object of the present invention 
further to improve upon the system of EP-A- 
0,263,677 and to provide an aircraft aircrew mem- 
ber life support system having a high rate of re- 



sponse in enhancing protection of the aircrew 
member against rapidly increasing and high G- 
load, and against exposure to high altitude, typi- 
cally in excess of 12000 metres. 

5 It is another object of the invention to provide 

apparatus for regulating delivery of breathing gas 
and for controlling G-protection garment inflation 
pressure in a single integrated unit which is par- 
ticularly suited for use in an aircraft aircrew life 

10 support system embodying an on-board oxygen 
generating system. 

It is a further object of the invention to provide 
aircraft seat-mountable breathing demand regulator 
and G-protection garment inflation pressure control 

75 apparatus in a single integrated unit having means 
for reieasably connecting a personal equipment 
connector carried by an aircrew member to outlets 
of the apparatus. 

Accordingly, the present invention provides an 

20 aircraft aircrew life support system comprising a 
breathing demand regulator means adapted to be 
connected with a breathing gas source for regulat- 
ing delivery of breathing gas to a breathing mask in 
response to breathing demands of the aircrew 

25 member, and, if required, to a counter-pressure 
garment, the demand regulator including a 
breathing-pressure control chamber fed with gas to 
develop a control pressure therein determining the 
breathing gas pressure delivered by the regulator, 

30 aneroid means controlling outflow from the control 
chamber for increasing breathing gas delivery 
pressure appropriate to positive pressure breathing 
above a predetermined attitude, and valve means 
also controlling outflow from the control chamber 

35 for increasing breathing gas delivery pressure ap- 
propriate to positive pressure breathing in the pres- 
ence of high or rapidly changing G-load; an anti-G 
valve and G-protection garment inflation pressure 
control means responsive thereto for outputting in- 

40 flation gas to a G-protection garment and to said 
valve means controlling outflow from the control 
chamber, characterised by the G-protection gar- 
ment control means being disposed in a common 
housing with the demand regulator components, 

45 the inflation pressure output by the control means 
being ducted within the housing to be directly 
applied as an operating force to the said valve 
means, and the G-protection garment control 
means comprising a spring-biased pressure-bal- 

so anced valve adapted to be displaced, against the 
spring bias, in an opening direction by a pneumatic 
actuator. 

The pneumatic actuator is preferably electri- 
cally controlled by signals derived, e.g., from an 
55 accelerometer sensing G-loads and a pressure 
transducer sensing aircraft cabin pressure. The 
pneumatic actuator is desirably subject to feedback 
control responding to G-protection garment inflation 
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pressure: this feedback control may be pneumatic, 
by direct application of the inflation pressure to the 
actuator, or as is preferred when the actuator is 
electrically controlled, the feedback control may be 
electrical and by signals derived by a suitable 
pressure transducer sensing the inflation pressure. 

Desirably this pressure transducer is located in 
a chamber subject to the inflation pressure but 
isolated from the flow of inflation gas, to prevent 
turbulence effects degrading pressure signals out- 
put by the transducer. In preferred embodiments 
means are provided to smooth the flow of inflation 
gas in its flow path adjacent to a connection to said 
chamber, further to minimise perturbations in the 
pressure sensed by the transducer. In one embodi- 
ment the gas flow smoothing means comprise a 
cap supported by a cup spider in the housing and 
a tapered sleeve on the end of the balanced valve, 
the cap and the tapered sleeve having a telescop- 
ing relationship to each other and enclosing with 
the balanced valve the valve biasing spring, where- 
by the flow of inflation gas is smoothed in its flow 
path in the vicinity of the end of the balanced valve 
and irregularities and turbulence caused by sudden 
changes in cross-sectional area and flow over an 
exposed spring are avoided. 

A vent valve for releasing inflation gas when 
deflation of the G-protection garment is required is 
preferably provided within the housing and con- 
nected to the inflation gas flow path downstream of 
the pressure-balanced valve of the G-protection 
garment control means so that the pressure-bal- 
anced valve is effectively isolated from the flow of 
inflation gas released by the vent valve, whereby 
contaminants carried in such gas flow cannot enter 
the pressure-balanced valve mechanism to inter- 
fere therewith. 

In preferred embodiments, electrical control 
means for the pneumatic actuator comprise a 
torque motor controlling a pilot valve system and 
actuated by a digital controller to provide high 
speed proportional pilot valve motion. 

in accordance with a further feature of the 
invention, the G-protection garment control means 
may provide for priming the garment by low pres- 
sure inflation thereof when protection against G- 
loads is not required but may be anticipated. Prim- 
ing the garment in this way provides for an en- 
hanced rate of response to a demand for full infla- 
tion signalled by the abrupt onset of a high G-load. 

G-protection garment priming can also be ac- 
complished in response to increasing altitude to 
provide for appropriate inflation of the garment 
when the demand regulator provides positive pres- 
sure breathing. 

Preferred embodiments of the invention also 
provide facilities for testing the operation of the 
system and the proper fit and functioning of a 



breathing mask, counter-pressure jerkin and'G-pro- 
tection garment in a single operation. 

Moreover, preferred embodiments of the inven- 
tion incorporate the demand regulator and the G- 
5 protection garment control means in a single seat- 
mountable unit having outlets for breathing gas and 
G-protection garment inflation gas and adapted for 
cooperation with a 'personal equipment connector 
means carried by an aircrew member and having 
io inlets associable with said outlets. 

A typical embodiment of the invention is illus- 
trated in the accompanying drawings, in which: 
FIGURE 1 is a schematic representation of the 
embodiment to illustrate the principles thereof; 
75 and 

FIGURE 2 illustrates the preferred construction 
of the G-protection garment inflation control 
means. 

Figure 1 of the drawings illustrates diagram- 

20 matically a combined demand regulator and G- 
protection garment control means in the form of a 
single seat-mountable unit 10 having a breathing 
gas inlet 11 and a G-protection garment inflation 
gas inlet 12, and outlets 13 and 14 for breathing 

25 gas and inflation gas, respectively, adapted for 
cooperation with corresponding inlets 13a, 14a of a 
personal equipment connector 15. The actual con- 
struction of the cooperating parts of the unit 10 and 
personal equipment connector 15 are not detailed 

30 in Figure 1 because they conform with existing 
standards. For instance, as is customary, the out- 
lets 13, 14 and inlets 13a, 14a incorporate self- 
sealing valve arrangements that provide open com- 
munication through the outlets and complementary 

35 inlets when the connector 15 is attached to the unit 
10, but which close to seal off the outlets and inlets 
upon detachment of the connector 15 from the unit. 
Figure 2 shows the self-sealing valve arrangement 
for the outlet 14/inlet 14a combination. Moreover, 

40 and as diagrammatically indicated in Figure 1, the 
cooperating parts of the unit lu and connector 15 
include provision for coupling communications and 
other services, such as de-misting air supplies, on 
the aircraft to the aircrew member and his personal 

45 equipment. The connector 15 may also include a 
suitable tapping from the inlet 1 3a for connection to 
a counter-pressure garment ("jerkin") to provide for 
inflation of this by breathinng gas to assist exhala- 
tion during positive pressure breathing. 

so The breathing gas inlet 11 is adapted to re- 

ceive oxygen-enriched air from a molecular sieve 
oxygen-generating system (not shown). Flow of 
oxygen-enriched air to the breathing gas outlet 13 
is controlled by a demand-regulator arrangement 

55 comprising a demand valve 33 having a valve head 
34 supported by a spindle 35 from a spool 36 that 
slides in a bore 37 in the body of the unit 10. The 
valve head 34 is urged towards a closing position 
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by a compression spring 38 acting on the valve 
head. Means such as an adjustment screw (not 
shown) may be provided for adjusting the thrust of 
the spring on the valve head. The opposed surface 
areas of the valve head 34 and the spool 36 are 5 
equal so that the valve 33 is balanced by the 
pressure of the oxygen-enriched air entering the 
inlet 11. The spool 36 is provided on its circum- 
ferential surface with grooves 40 in the manner of a 
labyrinth seal and a second spindle 41 projects w 
from the end surface of the spool opposite the end 
surface from which a spindle 35 projects. The end 
of the spindle 41 contacts a valve operating lever 

42 housed in a demand-pressure sensing chamber 

43 and arranged to rock about one of its ends 44. is 
The other end 45 of the lever 42 bears on the 
centre of a diaphragm 46 that divides the demand- 
pressure sensing chamber 43 from a breathing- 
pressure control chamber 47. 

The demand-pressure sensing chamber 43 is 20 
arranged to be open to pressure at the outlet 13 
whilst the breathing-pressure control chamber 47 is 
arranged to receive a bleed of oxygen-enriched air 
from the demand-pressure sensing chamber 
through an orifice 48 in the diaphragm 46. The 25 
breathing-pressure control chamber 47 is arranged 
to be open to aircraft cabin pressure by way of a 
passageway 49, a chamber 50, a passageway 51, 
a chamber 52 and an outlet passage 53. 

The chamber 52 houses a valve head 55 car- 30 
ried by an aneroid capsule 56 and adapted for 
closing the entry from the passageway 51 into the 
chamber 52 whereby the pressure in the breathing- 
pressure control chamber 47 may be controlled in 
relation to cabin altitude, 35 

The chamber 50 houses a valve 58 that is 
connected by a passageway 59 to a pressure- 
sensing chamber 60 of the G-protection garment 
control means of the unit 10, so as to receive 
pneumatic signals for control of the valve 58 to 40 
throttle passage of oxygen-enriched air to the 
chamber 52 from the breathing-pressure control 
chamber 47. 

A maximum pressure relief valve 61 provides 
for venting of excess pressure from the breathing- 45 
pressure control chamber 47, via a passageway 62 
and a vent 57, to the aircraft cabin. 

A vent 66 to aircraft cabin communicates with 
the regulator outlet 13 and is closed by a valve 
head 65 carried by a diaphragm 63. The valve so 
head is loaded by a spring 64 to contain a safety 
pressure in the outlet 13. During positive pressure 
breathing, pressure in the breathing-pressure con- 
trol chamber 47 is applied, by way of the passage- 
way 62, to the opposite side of the diaphragm 63 55 
to which the valve head 65 is attached to further 
urge the valve head closed and thus prevents 
oxygen-enriched air in the outlet 13 being vented 



to the aircraft cabin unless the pressure in the 
outlet becomes excessive. The valve head 65 is 
arranged to open when the pressure in the outlet 
13 is a prescribed amount higher than that in the 
breathing pressure control chamber 47. Typically, 
the pressure differential required to open this pres- 
sure relief valve arrangement is 125 Pa (0.5 
inches/WG), 

The diaphragm 46 is backed by a spring 67 
located in the breathing-pressure control chamber 
47. This spring acts on the diaphragm to urge it 
into contact with the lever 42 and the arrangement 
is such that the force balance of the springs 38 and 
67 acting on the diaphragm 46 and demand valve 
33 provides a null position for the diaphragm in 
which the valve head 34 is held off its seat suffi- 
ciently to maintain, in operation, a positive (safety) 
pressure of, say, 250 Pa (1 inch/WG) in the outlet 
13. Means (not shown) may be provided to negate 
the effort of spring 67 when the regulator is out of 
use, to prevent wastage of oxygen enriched air by 
permitting the valve head 34 close under the influ- 
ence of spring 38. 

As thus far described the demand regulator 
arrangement conforms in principle to the demand 
regulator described in EP-A-0 263 677, and func- ^ 
tions in a similar manner. That is, with oxygen- * % 

enriched air available at the inlet 11, the demand 
valve 33 responds, by movement of the diaphragm ^7 
46, to phases of the breathing of an aircrew mem- 
ber wearing a mask attached to the outlet 13 via 
the connector 15. Breathing cycle pressure exists ^ 
in the outlet 13 and thus in the demand pressure Mf 
sensing chamber 43, being sensed by the dia- 
phragm. This moves downwards, as seen in the * 
drawing, during inhalation so as to cause opening ...- -1 

movement of the valve 33, whereas exhalation 
causes the diaphragm to move upwards to permit 
the valve 33 to close. 

Oxygen-enriched air bleeds though the orifice 
48 to the breathing-pressure control chamber 47 
and escapes therefrom by way of the passageway 
49, chamber 50. passageway 51, chamber 52, and 
outlet passage 53. However, if cabin altitude in- 
creases (decreasing ambient pressure) above, say, 
12000 metres (40000 feet) the aneroid capsule 56 
expands to move the valve head 55 towards in- 
creasing the restriction to outflow from the chamber 
47 to the outlet passage 53. This causes pressure 
in the chamber 47 to rise and increase the loading 
of the diaphragm 46 for any given pressure in the 
outlet 13 and chamber 43. The demand valve 33 
thus tends to maintain an increased pressure in the 
outlet 13 and, hence, in the breathing mask of the 
aircrew member. The increase in pressure in 
chamber 47 is also applied to the diaphragm 63 of 
the relief valve arrangement. 

In similar manner, when increasing G-load is 
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applied to the aircraft and pressure in the chamber 
60 is increased in the manner to be described, the 
valve 58 in the chamber 50 is caused to restrict the 
flow path from the chamber 47 to the outlet pas- 
sage 53 and so result in a raising of the breathing 
gas pressure at outlet 13, thereby to assist breath- 
ing effort of the aircrew member during conditions 
of increased G-load. 

For the reasons explained in EP-A-0 263 677, 
the valve 58 is preferably constructed to have a 
supplemental bleed flow facility effective to coun- 
teract the effects of sudden changes in a G-load. 

The unit 10 additionally comprises G-protection 
garment control means that comprises a pressure- 
balanced spool valve 70 that moves in a bore 71 in 
the body of the unit 10 to control the flow of 
inflation gas from the inlet 12 to the outlet 14, the 
valve 70 being biased towards its closed position 
by a spring 72. The valve 70 is hollow and has 
ports 73 that provide communication, through the 
valve, between the outlet 14 and the pressure- 
sensing chamber 60, whereby the valve is pressure 
balanced and the pressure in the chamber 60 fol- 
lows that of the outlet 14. The preferred arrange- 
ment of the valve 70 is illustrated in Figure 2 and 
will be described hereinafter. 

The valve 70 is actuated by a plunger 74 
carried by a diaphragm 75 dividing the chamber 60 
from an actuating pressure chamber 76. A spring 
77 acts on the diaphragm to oppose its motion 
towards the valve 70, to allow preloading of the 
opposite side of the diaphragm with a priming 
pressure thereby providing the required response 
characteristic. 

The inlet 12 is connected to a port 78 in the 
wall of bore 71 by a passage 79 that also has a 
connection 80 leading to a servo pressure chamber 
81 via a valve 82 controlled by a diaphragm 83 and 
spring 84 so as to function as a pressure-reducing 
valve effective to maintain in the chamber 81 a 
servo pressure of fixed value. 

A torque motor 85 has a valve member 86 
movable by the motor 85 between the position 
illustrated, in which it connects the actuating pres- 
sure chamber 76 to a vent 87, and a position in 
which it restricts the vent 87 and connects the 
actuating pressure chamber 76 to the servo pres- 
sure chamber 81 . 

An electronic control unit (ECU) generally in- 
dicated at 88 controls the functions of the G-pro- 
tection garment control means incorporated in the 
unit 10. The ECU 88 provides signals to drive the 
torque motor 85 in response to Gi-load signals from 
an accelerometer 99 and in response to other 
control inputs to be described. 

A transducer 89 is disposed to sense pressure 
in the pressure-sensing chamber 60 and to provide 
a pressure feedback signal to the ECU 88. 



A compensated vent valve 90 controls a vent 
port 91 in the outlet 14 and is biased towards 
opening by a spring 92. The valve 90 is actuated 
by a diaphragm 93 responsive to the actuating 

5 pressure in the actuating pressure chamber 76, 
transmitted via a passage 94, so that the valve 90 
is closed when the actuating pressure rises to 
cause inflation of the G-protection garment. A pres- 
sure relief valve 95 serves to relieve excess actuat- 

70 ing pressure. 

The ECU 88 provides a press-to-test facility 96 
and incorporates a cabin pressure sensing trans- 
ducer 97 and a "ready pressure" switch 98 as well 
as the accelerometer 99, these items being repre- 

75 sented symbolically in the drawing. 

In operation of the G-protection garment infla- 
tion control system that includes the described 
control means of the unit 10, conditions such as 
the sensing of acceleration above a threshold by 

20 the accelerometer 99 and/or by other accelero- 
meters (not shown) distributed in the aircraft struc- 
ture and requiring inflation of the G-protection gar- 
ment cause the ECU 88 to output a signal to the 
torque motor 84 to apply an appropriate level of 

25 actuating pressure to the diaphragms 75 and 93. 
The vent valve 90 is thereby closed while the spool 
valve 70 is moved, to the right as seen in the 
drawing, to open a flow path from the inflation gas 
inlet 12 to the outlet 14. The G-protection garment 

30 is thereby inflated, the pressure in the garment 
being sensed by the transducer 89 that provides a 
feedback signal to the ECU 88 to enable the latter 
to inflate the garment to and hold it at a pressure 
appropriate to the conditions, by appropriate ad- 

35 justment of the torque motor 84. 

When a decrease in garment inflation pressure 
is required, the torque motor 84 is actuated to 
reduce the actuating pressure in chamber 76: the 
valve 70 is thereby moved to its closed position 

40 while the vent valve 90 is allowed to open by the 
reduction in actuating pressure applied to the dia- 
phragm 93. This causes deflation of the garment. 

The positioning of the feedback transducer 89 
in the chamber 60, rather than in the outlet 14 or at 

45 some other position in the inflation gas flow path to 
the latter, provides for accurate pressure sensing 
unaffected by turbulence or other dynamic gas 
pressure perturbations due to gas flow at high 
rates. Accordingly, a very rapid response to de- 

50 mands for garment inflation pressure changes can 
be provided without risk of "hunting" by the sys- 
tem in finding and holding a demanded inflation 
pressure. The control of actuating pressure by the 
torque motor 84 conduces to such a rapid re- 

55 sponse. 

The illustration of the G-protection garment in- 
flation control means in Figure 1 is partly sche- 
matic to facilitate understanding of the principles of 
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the arrangement, in practical embodiments the dis- 
position of the components of these control means 
is as shown in Figure 2 that is a sectional view of 
the relevant part of the unit 10. 

In Figure 2, elements that have been described 
with reference to Figure 1 are marked with the 
same references as in the latter and will not be 
further described except as to details not shown in 
Figure 1. 

Thus as shown in Figure 2, the pressure-bal- 
anced spool valve 70 has its spring 72 enclosed in 
cap 100 supported by a cup spider 101 in the body 
of the unit, the cap 100 having a telescoping rela- 
tionship to a tapered sleeve 102 on the end of the 
valve 70. The purpose of this arrangement is to 
smooth the flow of inflation gas in its flow path in 
the vicinity of the end of the valve 70 thereby 
avoiding irregularities and turbulence caused by 
gas discharging into an irregular shaped chamber 
and flowing over an exposed spring 72. The cap 
100 has a lateral port 103 providing access to the 
interior of the valve 70 and thus, through the ports 
73, to the pressure-sensing chamber 60. The 
chamber 60 is thereby isolated from pressure fluc- 
tuations due to irregularities in the flow of inflation 
gas in its flow path immediately downstream of the 
valve 70. 

As shown in both Figures 1 and 2, the vent 
valve 90 is disposed in a lateral port 91 in the body 
10 at a point between the valve 70 and the outlet 
14, enabling the actuating pressure to be applied to 
the diaphragm 93 via a short passageway 94 to 
achieve a rapid response of the valve to changes in 
actuating pressure, while avoiding the flow of gas 
from the G-protection garment during deflation 
thereof passing into or through the valve 70 en 
route to a vent port, and so minimising the risk of 
contaminants carried by the gas stream from the 
garment entering the valve mechanism to interfere 
with the operation thereof. 

Figure 2 also shows the self-sealing valve ar- 
rangement for the outlet 14/inlet 14a combination. 
As is typical in such arrangements, the valve mem- 
ber 105 is arranged for movement axially of the 
outlet 14, in this case on a spigot 106 carried by 
the spider 101, being urged outwardly of the outlet 
14 by a spring 107. The valve member 105 and the 
outlet 1 4 are shaped to enable the member 1 05 to 
close the outlet when the connector 15 is removed. 
The connector 15 has a corresponding valve mem- 
ber 108 movable in its inlet 14a and biased by a 
spring 109. The valve members 105, 108 have 
respective projections 105a, 108a that cooperate 
when the connector 15 is fitted to the unit 10 to 
cause the valve members to be pressed back, 
against the thrusts of the respective springs 107, 
109, to open a flow path from the outlet 14 to the 
inlet 14a. 



As noted, the ECU 88 has a "ready pressure" 
switch 98. The function of this is to cause the ECU 
to output a signal to the torque motor to apply a 
"priming pressure" to the G-protection garment, 

5 typically about four times the pressure of the 
breathing gas being delivered by the demand regu- 
lator, for the physiological reasons that have been 
explained, and also thereby to enhance the re- 
sponse of the system to a subsequent demand for 

w garment inflation. The switch 98 would, for in- 
stance, be operated by the aircrew in anticipation 
of high-G manoeuvres. 

It will be apparent that the inflation pressure in 
the G-protection garment that appears in the pres- 

15 sure sensing chamber 60 is also applied to the 
valve 58 to move this to close the passageway 49 
and thereby cause the pressure in chamber 47 to 
rise to provide increased breathing gas pressure in 
the breathing mask supplied by the demand regu- 

20 lator of the unit 10, at times when the G-protection 
garment is inflated in response to conditions requir- 
ing this. 

As noted, the ECU 88 includes a cabin pres- 
sure sensing transducer 97 which senses absolute 

25 pressure and provides an input to the ECU so that 
in the event of the cabin altitude exceeding 12000 
metres, the ECU outputs to the torque motor a 
signal that accounts for the aircraft altitude and 
provides the necessary G-protection garment infla- 

30 tion (typically four times breathing pressure). 

In the event of the aircrew being exposed to 
both high altitude (typically in excess of 12000 
metres) and high G-load (typically in excess of 
2G), the ECU signals the higher of the two pres- 

35 sure requirements to be delivered to the G-protec- 
tion garment. 
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Claims 



1. An aircraft aircrew life support system compris- 
ing a breathing demand regulator means adapted 
to be connected with a breathing gas source for 
regulating delivery of breathing gas to a breathing 

45 mask in response to breathing demands of the 
aircrew member, and, if required, to a counter- 
pressure garment, the demand regulator including 
a breathing-pressure control chamber (47) fed with 
gas to develop a control pressure therein determin- 

50 ing the breathing gas pressure delivered by the 
regulator, aneroid means (55, 56) controlling out- 
flow from the control chamber for increasing 
breathing gas delivery pressure appropriate to 
positive pressure breathing above a predetermined 

55 altitude, and vaive means (58) also controlling out- 
flow from the control chamber for increasing 
breathing gas delivery pressure appropriate to 
positive pressure breathing in the presence of high 
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or rapidly changing G-load; an anti-G valve and G- 
protection garment inflation pressure control means 
responsive thereto for outputting inflation gas to a 
G-protection garment and to said valve means (58) 
controlling outflow from the control chamber, 
characterised by the G-protection garment control 
means being disposed in a common housing (10) 
with the demand regulator components, the infla- 
tion pressure output by the control means being 
ducted within the housing to be directly applied as 
an operating force to the said valve means (58), 
and the G-protection garment control means com- 
prising a spring-biased (72) pressure-balanced 
valve (70) adapted to be displaced, against the 
spring bias, in an opening direction by a pneumatic 
actuator (74, 75). 

2. A system as claimed in Claim 1, further charac- 
terised in that the pneumatic actuator (74, 75) is 
controlled by signals derived from means (99) 
sensing G-loads and/or from means (97) sensing 
aircraft cabin pressure. 

3. A system as claimed in Claim 1 or Claim 2, 
further characterised in that the pneumatic actuator 
(74, 75) is subject to feedback control responding 
to G-protection garment inflation pressure. 

4. A system as claimed in Claim 3, further charac- 
terised in that the feedback control is by electrical 
signals derived by a pressure transducer (89) sens- 
ing inflation pressure. 

5. A system as claimed in Claim 4, further charac- 
terised in that the pressure transducer (89) senses 
pressure in a chamber (60) subject to inflation 
pressure but isolated from the flow of inflation gas 
whereby turbulence effects tending to degrade 
pressure signals output by the transducer are 
avoided. 

6. A system as claimed in Claim 5, further charac- 
terised in that means (100, 101, 102) are provided 
to smooth the flow of inflation gas in its flow path 
adjacent to a connection to said chamber (60), 
further to minimise perturbations in the pressure 
sensed by the transducer. 

7. A system as claimed in Claim 6, further charac- 
terised in that said inflation gas flow smoothing 
means comprise a cap (100) supported by a cup 
spider (101) in the housing (10) and a tapered 
sleeve (102) on the end of the balanced valve (70), 
the cap and the tapered sleeve having a telescop- 
ing relationship to each other and enclosing with 
the balanced valve the valve biasing spring (72). 

8. A system as claimed in Claim 7, further charac- 
terised in that inflation pressure is sensed in the 
chamber (60) by way of a port (103) in the cap 
(100) and ports (73) in the pressure-balanced valve 
(70). 

9. A system as claimed in any preceding claim, 
further characterised in that a vent valve (90) for 
releasing inflation gas when deflation of the G- 



protection garment is required is provided within 
the housing (10) and connected to the inflation gas 
flow path downstream of the pressure-balanced 
valve (70) of the G-protection garment control 

5 means so that the pressure-balanced valve is effec- 
tively isolated from the flow of inflation gas re- 
leased by the vent valve, whereby contaminants 
carried in such gas flow cannot enter the pressure 
balanced valve mechanism to interfere therewith. 

w 10. A system as claimed in any preceding claim, 
further characterised in that electrical control 
means for the pneumatic actuator (74, 75) com- 
prise a torque motor (85) controlling a pilot valve 
system (86, 87, 76, 81) and actuated by a digital 

75 controller to provide high speed proportional pilot 
valve motion. 

11. A system as claimed in any preceding claim, 
further characterised in that the G-protection gar- 
ment control means provide for priming the gar- 

20 ment by low pressure inflation thereof when protec- 
tion against G-loads is not required but may be 
anticipated. 

12. A system as claimed in any preceding claim, 
further characterised in that the demand regulator 

25 and the G-protection garment control means are 
provided in a single seat-mountable unit having 
outlets for breathing gas and G-protection garment 
inflation gas and adapted for cooperation with a 
personal equipment connector means carried by an 

30 aircrew member and having inlets associable with 
said outlets. 
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